Objective: Chronic obstructive pulmonary disease (COPD) is a widespread illness with an increasing prevalence in older adults; exacerbations resulting in visits to the emergency department (ED) are common. We sought to determine the epidemiology of COPD presentations to EDs by older adults in Alberta. Methods: Administrative databases were used to examine all ED encounters for COPD from April 1999 to March 2005 in Alberta. Data included demographics of patients and timing of ED visits. Data analysis included descriptive summaries and age-sex directly standardized visit rates (DSVRs). Results: There were 85 330 ED visits for acute COPD made by 38 638 patients 55 years of age or older during the study period. More men (53.2%) presented, and the mean age at presentation was 72 years. The age-sex DSVRs remained stable from 2000/01 (24.4/1000) to 2004/05 (25.6/1000). Presentation rates differed among population subgroups. Overall, 67% of visits resulted in discharge from the ED. Conclusion: Chronic obstructive pulmonary disease is a common presentation in Alberta EDs; however, the rates of presentation were stable during the study period, and monthly and hourly trends exhibited similar patterns for each year. Disparities based on age, sex, and socio-economic and cultural statuses were identified. Targeted interventions could be implemented to reduce future ED visits for COPD.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is an illness of the lower respiratory tract. It varies in severity, and its intermittent exacerbations are characterized by ongoing symptoms of cough, sputum production and shortness of breath. 1 The economic cost of COPD is staggering, 2 and it was predicted that COPD would be the leading cause of death from chronic disease by 2010. 3 Patients with COPD often experience exacerbations due to any or a combination of respiratory infections, nonadherence with medications and passive or active cigarette smoke exposure. Some exacerbations are severe enough to precipitate a visit to an acute care setting such as a physician's office, a walk-in clinic or the emergency department (ED); many patients require prolonged treatment in the ED. Hospital admission is a common outcome in severe exacerbations, and some exacerbations result in complications including pneumothorax, intubation and mechanical ventilation and, on occasion, death.
The vast majority of patients with COPD are older adults, in whom the disease is of gradual onset and varying severity that typically worsens over time. 1 Smoking is the most common causative agent in this population, although occupational exposures, drug abuse, genetic susceptibility and rare primary and secondary lung diseases can also be contributory. Although a small proportion of COPD cases occur in younger age groups, these patients have chronic lung disease of childhood, α-1 anti-trypsin deficiency and other disorders. With appropriate management including smoking cessation, and long-term and acute pharmacologic and nonpharmacologic interventions, patients can reduce deterioration, improve their quality of life and reduce the severity and frequency of exacerbations. As COPD is a chronic disease with frequent exacerbations, ED presentations for COPD are important health care events for patients and the health care system.
The purpose of this study was to describe the epidemiology of older adults (defined as age ≥ 55 yr) who presented to EDs for COPD during 6 fiscal years (Apr. 1, 1999 1, , to Mar. 31, 2005 ). Using populationbased administrative health databases from the province of Alberta, we examined the trends in overall presentation rates over time, the presentation rates for different population subgroups, the timing of presentations and the outcomes at the conclusion of ED visits.
METHODS

Study design
We conducted a retrospective cross-sectional study using prospectively collected administrative data.
Setting
In Canada, health care is universal, accessible and portable from province to province. The management and delivery of health care is the responsibility of each province or territory. As in other provinces, all residents of Alberta can access free health care, assuming they are eligible for and maintain health insurance through the Alberta Health Care Insurance Plan. Self-employed residents pay their own health care premiums. For those without financial means to fully or partially pay for this insurance, subsidies exist.
Data and variable description
We accessed the Ambulatory Care Classification System (ACCS) 4 of the province of Alberta. This is a system for tracking the use of ambulatory care services to government-funded facilities within the province. All ED encounters from more than 100 provincial EDs are entered into computerized abstracts that constitute the majority of records. Using a uniform protocol, trained and supervised medical records nosologists code each chart using ICD-9-CM 5 (before Apr. 1, 2002) or ICD-10-CA 6 (Apr. 1, 2002 and onward) diagnostic codes. Each ACCS record represents a unique service and includes a unique identifier for each Albertan, visit start and end dates and times, diagnoses and disposition information. Demographic data were obtained by linking patients in the ACCS to the annual Alberta Health Care Insurance Plan cumulative registry file. This file includes all people registered under the Alberta Health Care Insurance Plan at any time in a given year (approximately 99% of the provincial population). The demographic information available included age, sex and socio-economic proxy. The focus of this study was patients aged 55 years or older presenting to EDs from Apr. 1, 1999 1, , to Mar. 31, 2005 .
Diagnostic information in the ACCS consists of a main ambulatory diagnosis field, and 5 and 9 additional fields for ICD-9-CM and ICD-10-CA codes, respectively. To be considered a COPD-related visit, the first or second diagnosis fields in the ACCS were required to have diagnostic codes encompassing COPD, chronic airway obstruction, bronchitis, emphysema and bronchiectasis (490.x, 491.x, 492.x, 494, 496, J40.x, J41.x, J42.x, J43.x, J44.x, J47.x). Injury and medical studies using ACCS data indicate that the coded diagnosis is accurate in approximately 97% of cases. [7] [8] [9] The ACCS includes the start and end dates and times for each ED visit. The difference between the end date and time and the start date and time provided the duration of service. All patients departing from an ED are given 1 of 9 disposition classifications according to the manner in which they are released from the ambulatory service facility. All patients are coded as either male or female. Only patients 55 years of age or older at the time of the ED visit were included in this study. Age was categorized into the following groups: 55-59, 60-64, 65-69, 70-74, 75-79, 80+ years. Until 2008, Alberta had 9 regional health authorities responsible for the delivery of health care services. 10 Region of residence was based on location of residence at the end of the fiscal year. The 2 largest urban regional health authorities are the cities and surrounding areas of Edmonton and Calgary.
The Alberta government funds health care in the province, and health care insurance premiums provide partial funding. Residents with lower incomes or receiving social services are eligible for premium subsidies. The subsidy level can be used as a proxy measure for socio-economic status. The subsidy level variable combines data from various fields for patients younger than 65 years into 4 categories: "Aboriginal with treaty status," "Welfare," "Government sponsored programs" and "Registrant without subsidy." Aboriginal with treaty status includes all Aboriginal people in Alberta who have treaty status based on treaties between their First Nation band and the Canadian government. 11 The Welfare category represents people who receive income support and health benefits from the province of Alberta because they do not have sufficient resources to meet basic needs. Albertans with lower incomes who receive partial or full subsidies for their health care insurance premiums or those receiving disability benefits comprise the Government sponsored programs group.
Outcome measures
The main outcomes for this study were descriptive; counts and proportions are reported with corresponding 95% confidence intervals (CIs). We specifically examined age-specific rates, directly standardized visit rates (DSVRs) and admission proportions.
Data analysis
Data on the ED visits between Apr. 1, 1999, and Mar. 31, 2005, were extracted. Frequencies and percentages summarize categorical data, and continuous data are summarized by median and interquartile range or mean and standard deviation (SD). Age-specific ED visits per 1000 older adult population (age ≥ 55 yr) were calculated for each sex. The DSVRs 12 use the 1999/2000 Alberta older adult population as the reference population. Directly standardized visit rates are calculated, reported with 95% CIs and compared across groups. 12 Summaries by subsidy level are restricted to patients younger than 65 years. To ensure patients were not identifiable, small counts (≤ 5) were supressed. S-Plus 13 was used for analysis, and p < 0.05 was considered to be statistically significant. Whereas all years were included in the analysis, when patterns among years were similar, the results focused on the last year of data.
The study was approved by the University of Alberta Health Research Ethics Board.
RESULTS
Study participants
Data were extracted on 38 638 patients with a mean age of 72.0 (SD 10.1) years. Just over half (50.3%) of the patients included in our analysis were female (19 221 men, 19 417 women). Most lived in the areas outside the 2 major urban areas (26.7% in Edmonton, 19 .4% in Calgary, 53.9% elsewhere). There were 11 362 patients between the ages of 55 and 64 years during any of the study years. Whereas subsidy group changed for some patients over a fiscal year, at the time of first presentation during our study period, 60.1%, 19.6%, 13.0% and 7.3% of study participants were classified in the Registrant without subsidy, Government sponsored program, Welfare and Aboriginal groups, respectively.
General trends
During the study period, the Alberta adult population aged 55 years and older increased ( 3%) ; however, these differences were small. Where as the visit rates in the age groups 55-59 and 60-64 were comparable for men and women, the higher age groups displayed more pronounced differences (Fig. 1) . The visit rate for men in the 80 or older age group was nearly double the rate for women (66. (975/4044) visits, respectively, these groups had disproportionately more ED visits. These patterns were similar for all years.
The sex-and age-specific ED visit rates varied considerably by subsidy group (Fig. 2) . In 2004/05, the Welfare and Aboriginal groups had larger age groupspecific ED visits rates compared with the other groups, especially for women. The DSVRs differed significantly among the 4 subsidy groups (Fig. 3 , p < 0.001 in each year). The Registrant without subsidy and the Government sponsored groups displayed similar trends; however, the considerably higher Aboriginal and Welfare rates were more similar. In 2004/05, the Welfare (58.2/1000) and Aboriginal (53.1/1000) DSVRs were higher than the other 2 groups (Government spon sored 18.1/1000, Registrant without subsidy 8.9/1000; p < 0.001).
Visit timing
In 2004/05, visits ranged from 1047 to 1867 per month and had higher peaks in January and March (Fig. 4) . Mondays had slightly higher volumes than the other Rosychuk et al. days of the week, with 2506 (15.6%) visits. Other years had similar patterns. Visits for COPD were less frequent during the early morning hours (midnight to 7:00 am) and peaked during the early day time hours (8:00 am to 11:00 am).
Admissions
The majority of visits for COPD concluded in discharge from the ED (67.2%, 57 375), and the proportion of patients discharged was similar from year to year (Table 3) . Admissions were reported for 32.5% (27 705) of the ED visits. A small proportion of admissions were to the critical care unit or operating room, and the vast majority were to other areas. Relatively few deaths occurred. (Table 4) . Calgary and Edmonton had lower rates than most of the other regions and were below the Alberta average (Fig. 5) . The pronounced peak of visits between 8:00 am and 11:00 am (Fig. 4) was mainly based on the nonmajor urbanized areas: Calgary and Edmonton had gradual increases from 8:00 am to 10:00 am that subsequently declined steadily.
Regional variation
DISCUSSION
This study explored visits for acute COPD to more than 100 Alberta EDs during a 6-year period. By using a large provincial database with linkage capabilities to a demographic data registry, we were able to obtain comprehensive information on all visits for COPD made to EDs in this province. The results from this study identify important epidemiologic trends and outcome information that have not been previously reported.
First, the overall number of ED visits for COPD has generally increased; however, the rate of visits has remained the same. These results are similar to US data from the National Hospital Ambulatory Medical Care Survey, which failed to identify a statistically significant trend in ED visits for COPD over an 8-year study period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) .
14 A variety of potential explanations exist for our failure to identify increased rates, despite worldwide statistics that suggest increasing prevalence of the disease. 15 For example, ED overcrowding has been a growing concern across North America, especially in high-volume, urban and teaching centres, and patients with COPD occupy ED stretchers for prolonged periods. 16 Like many patients, COPD patients may select alternative after-hours treatment whenever possible. Access to all care is free to Canadians with government-sponsored health insurance, and access to
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2010;12(6) 505 COPD presentations to Alberta EDs after-hours care has improved with the development of walk-in clinics and urgent care centres in most urban and semiurban centres. The use of inhaled long-acting anticholinergic agents, long-acting β2-agonists and corticosteroid agents, alone or in combination, to prevent deterioration has likely further improved control of COPD and reduced ED visits for exacerbation. 17 Second, our results provide additional data regarding some important "high-risk" populations. We found that rates of ED visits were particularly high among people aged 55-64 years with Aboriginal status or receiving welfare. In general, physician claims data have shown that Aboriginal Albertans have higher rates of respiratory illness. 18 Whereas men over the age of 65 are more likely to visit an ED for COPD than women, these data do not necessarily mean that women are at lower risk for COPD. Considerable data exist to suggest that women have an increasing incidence of COPD. 19 Moreover, other ED research suggests that men and women who present to the ED for treatment of COPD exacerbations have substantial differences in chronic medication use, self-treatment during exacerbations, delay in emergency care and post-ED outcomes. 20 It is likely that rates and severity of COPD presentations for women will increase in the future, and treatments will need to be targeted to these patients. Because 36% of our sample had a repeat ED visit for COPD during the study period, it is possible that targeted interventions could be implemented to reduce repeat ED visits and improve outcomes.
Third, using standardized visit rates, we identified regional variations. In 2004/05, rates were lowest in the 2 largest and most urban areas of the province. DifferRosychuk et al. Table 4 . Age-sex directly standardized visit rates per 1000 older adult* population, by fiscal year and regional health authority ences between the regions with the lowest rates and the highest rates could arise from differences in smoking rates, availability of alternative sources of care other than the ED or patterns of medical practice and/or ED usage. Methods of diagnosis and/or distribution of high-risk populations must also be considered; for example, patients with severe or end-stage COPD may relocate to regions where specialized care is available.
Moreover, large Aboriginal communities located in a region may cause skewing of data. Further research is required to help explain the geographic variations we have identified.
Limitations
Our study has several limitations. A number of ways exist in which our data could underestimate the prevalence of COPD exacerbations. First, because many people report to their family physicians or local clinics for treatment, the ED setting would not capture all cases. Second, the lower rates of ED visits for COPD among the young elderly (55-64 yr) may be the result of misclassification of COPD cases as "asthma." 20 Evidence suggests that patients presenting to the ED who receive a diagnosis of COPD can be assumed to have the disease; 21, 22 however, misclassification of COPD as asthma or reactive airway disease could further underestimate the prevalence. 23 Finally, in patients seeking care for reasons other than COPD, COPD is an important comorbidity that we would have missed.
The patterns observed could have arisen from differences in emergency service delivery or preferences for emergency services in some populations and may not represent systematic differences in the illness distribution. The classification of Aboriginal status in these data includes only Aboriginals for whom the First Nations and Inuit Health Branch of Health Canada pay the health care premiums to the province; thus, some people of Aboriginal or Metis status are not included. The ACCS database provides limited information about disease management in the ED, and so our results may not be generalizable to other settings (analogous to the fact that admissions for COPD treatment differ between Canadian and American EDs 24 ).
14 Finally, few EDs in Alberta have a truly computerized emergency department information system, so some data entered into the ACCS may represent estimates or be missing. Despite these concerns, these data have been shown to be valid and reliable, and we feel the problems we have outlined would not substantively bias our findings.
CONCLUSION
Chronic obstructive pulmonary disease is a common presenting problem in Alberta EDs. Marked regional, daily and socio-demographic variations exist; however, the reasons for these variations are unclear and merit further study. The most notable findings are an overall increase in the number of COPD presentations during the study period, relatively stable rates of presentation during the study period, and disparities in presentations based on age, sex, cultural or economic status, and region. Understanding COPD presentations should assist policy-makers in addressing specific groups for targeted interventions.
